Background: Depression in elderly people is a major global concern around the world. Epidemiological evidence of the association of beverages with depressive symptoms has received research attention; however, epidemiological studies on the association of coffee and green tea consumption with depressive symptoms among the elderly population are limited. The objective of this study is to cross-sectionally examine the association of depressive symptoms with the intake of coffee, green tea, and caffeine and to verify the antidepressant effect of caffeine. Methods: The subjects were 1,992 women aged 65-94 years. Intakes of coffee, green tea, and caffeine, as well as depressive symptoms, were assessed with a validated brief dietary history questionnaire (BDHQ) and the Center for Epidemiologic Studies Depression Scale (CES-D), respectively. Multiple logistic regression analysis was used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for depressive symptoms with adjustments for potential confounders. Results: Coffee intake was associated with a lower prevalence of depressive symptoms, the ORs of which for the 4th versus the 1st quartiles of intake was 0.64 (95% CI, 0.46-0.88, P for trend = 0.01) in a fully adjusted model. Caffeine intake was marginally associated with depressive symptoms, but the association was not statistically significant (OR 0.75; 95% CI, 0.55-1.02, P for trend = 0.058). Conclusion: The result suggests that the inverse association of coffee intake with depressive symptoms might be associated with not only caffeine intake but also some other substances in coffee or factors related to coffee intake. Because of the crosssectional design of the present study, longitudinal studies are required to confirm the present finding.
INTRODUCTION
Depression is an important public health concern, and late-life depression is associated with increased mortality. 1 Lifetime prevalence of depressive symptoms is 14.6% in developed countries. 2 In particular, women have a 2-fold increased risk of depression compared with men. 3 Epidemiological evidence of the association of beverages with depressive symptoms has received research attention; however, epidemiological studies on the association of coffee and green tea with depressive symptoms in the elderly population are limited. Only one study has reported relations between coffee consumption and mental health 4 in elderly community-dwelling subjects, and a relation concerning depressive symptoms does not appear to have been investigated. In the research for the non-elderly population, evidence has accumulated indicating that consuming high amounts of coffee is associated with lower depressive symptoms [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] ; however, no association 15, 16 and a positive association 17 have also been indicated. Elderly subjects might have different tendencies than non-elderly population. Thus, the relation between coffee consumption and depressive symptoms in community-dwelling elderly women, in whom this condition is highly prevalent, remains unclear. Several studies have shown that higher amounts of green tea are related to a lower prevalence of depressive symptoms 4, 8, 10 or psychological distress, 18 whereas green tea was not associated with mental health. 19 Previous studies have reported significant inverse associations between green tea intake and depressive symptoms in a Japanese working population 8 and among Japanese community-dwelling elderly subjects. 4 Coffee and tea are two of the most widely consumed beverages in the world. 20, 21 In Japan, 47% and 53% of adults drink coffee and green tea, respectively, every day. 22 Both coffee and green tea contain many biological active constituents, including poly-phenols and alkaloids 23, 24 ; caffeine in coffee or green tea is widely used as a central nervous system stimulant. 25 It is expected that coffee, green tea, and caffeine intake could be effective for the prevention of depressive symptoms. The relationship between caffeine intake and depressive symptoms has been examined in Western countries, and an inverse association has been reported. 6, 10, 26 However, studies in Japan 8, 19 showed no association between caffeine and depression 8 or mental health. 19 These inconsistent results may be because the sources of caffeine among Japanese people are different from those in Westerners. 27 In the United States, the main sources of caffeine are coffee (71%), soft drinks (16%), and tea (12%). 28 However, in Japan, the primary sources of caffeine are coffee (46.7%), soft drinks (0.8%), and Japanese and Chinese tea (47.1%). 27 Accordingly, it is possible that compounds in coffee other than caffeine are responsible for suppressing depression. 28 By examining the relationship between coffee, green tea, or caffeine intake and depression, we sought to clarify whether the component with the depression suppressive effect is caffeine. In the present study, we aimed to investigate the association of coffee, green tea, and caffeine on depressive symptoms in a large-scale study among elderly women.
METHODS

Study procedure and subjects
The study was based on a cross-sectional multicenter survey, of which details have already been published. 29 Briefly, participants of the survey were first-year students of dietetic courses at universities, colleges, and technical schools, along with their mothers and grandmothers. The survey was conducted from April to May in 2011 and 2012 in Japan. Since the Great East Japan Earthquake occurred in March 2011, surveys in the northeastern part of Japan have been difficult to conduct, and so the survey was conducted from April to May 2011 in Hokkaido and the southwestern part of Japan. Then, the same survey was conducted from April to May 2012 in the northeastern part of Japan. The research is not a clinical trial and does not need to be registered.
The overall purpose of the survey was to examine the association between lifestyle, including diet, and health problems. In total, 85 teaching institutions participated and 7,016 first-year students were provided with questionnaires. Students were required to distribute questionnaires directly to their mothers and grandmothers, and those who were unable to do so were excluded from participation, except in the case that grandmothers were unavailable (65-89-year-old female acquaintances were allowed instead of grandmothers). The subjects of this study were the grandmothers' generation (n = 2,332). We excluded subjects who lived in eastern Japan and who completed the questionnaire in 2011 (n = 47), because we assumed that they could not detail their usual dietary habits and lifestyle owing to the occurrence of The Great East Japan Earthquake in March 2011. We also excluded a subject in an institution in which the response rate was extremely low (n = 1). We further excluded those with a medical history of depressive symptoms (n = 43) and those on psychiatric medication (n = 62). Further, we excluded subjects aged <65 years (n = 66) and those with a reported energy intake of less than half of the requirement for the lowest physical activity category according to the Dietary Reference Intakes for Japanese, 2015 (<825 kcal=day for age 65-69 years: n = 6, <750 kcal=day for age >70 years: n = 16) or more than 1.5 times the energy requirement for the highest physical activity category (<3,300 kcal=day for age 65-69 years: n = 2, <3,000 kcal=day for age >70 years: n = 48), 30 as well as those with missing information on the variables of multivariate analysis (n = 79). Some participants met two or more exclusion criteria. After these exclusions, 1,992 women aged 65-94 years remained ( Figure 1 ). Surveys at participating institutions were conducted according to the survey protocol, which was approved by the ethics committee of the Faculty of Medicine, The University of Tokyo (No. 3249).
Ascertainment of depressive symptoms
Depressive symptoms were assessed using a Japanese version 31 of the Center for Epidemiologic Studies Depression (CES-D) scale. 32 The detail of the questions of CES-D is written in the previous report. 31 In brief, the CES-D scale includes 20 questions marked between 0 and 3, with higher scores indicating that the situation or condition appears more frequently (score 0 = never and score 3 = always), except for questions 4, 8, 12, and 16, which were scored in reverse order (score 3 = never and score 0 = always); the total score can range from 0 to 60. The scale addressing depressive symptoms referenced subjects' experiences during the preceding week. We used CES-D score of ≥16 as a cutoff value to define depressive symptoms. The criterion validity of the CES-D scale has been well established. 31, 32 Women in grandmothers' generation from the Three-generation Study (n=2,332) Japanese women aged 65-94 years (n = 1,992) Lived in eastern Japan and answered questionnaires in 2011 (n=47), or extremely low response rate (2%) (n=1) Medical history of depressive symptoms and/or taking psychiatric medication (n=75) Younger than 65 years (n=66) Energy intakes of less than 0.5 times the energy required, or energy intakes of greater than or equal to 1.5 times the energy required (n=72) Missing information regarding the variables used in multivariate analysis (n=79) Figure 1 . Exclusion criteria for association between intake of coffee and depressive symptoms among elderly Japanese women Coffee Intake and Depressive Symptoms
Dietary assessment
Dietary intake during the preceding 1-month period were assessed using a validated brief dietary history questionnaire (BDHQ), 33 covering 58 food and beverage items. The BDHQ is a structured questionnaire that includes questions regarding the intake frequencies of selected foods commonly consumed in Japan (a sample copy of the BDHQ is available at http:==www.nutrepi.m. u-tokyo.ac.jp=dhq=BDHQ1-1.pdf ). Spearman correlation coefficients between intakes of coffee and green tea according to the above-mentioned BDHQ and those from 16-day dietary records were 0.77 and 0.64 for coffee and green tea intake, respectively, in women. 34 Nutrient and caffeine intake from diet was estimated using an ad hoc computer algorithm with reference to the Standard Tables of Food Composition in Japan 35 and caffeine composition database developed by Yamada et al. 27 We calculated total caffeine intake estimated from BDHQ with foods, coffee, and green tea, since there are several sources of caffeine in foods other than coffee and green tea, such as confectionaries, black tea, Chinese tea, soft drinks, and cocoa. 27 The Spearman correlation coefficient of the self-administered diet history questionnaire (longer version of the BDHQ) and 16-day diet records was 0.37 among 92 Japanese women for total caffeine intake, (S. Sasaki, unpublished observation, 2014). In the BDHQ, coffee and green tea are asked as independent food items. Therefore, accurate intake of coffee and green tea can be calculated separately. Nutrient and food intake were energyadjusted using the density method. 36 Alcohol intake (yes or no), eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and folate intakes were assessed in the BDHQ. Although dietary supplement use was assessed in the lifestyle questionnaire, because of the lack of reliable information about the composition table of dietary supplements in Japan, the intake from supplement was not included in the nutritional value calculation.
Other variables
Age, body height, and body weight were self-reported in the BDHQ. Body mass index (BMI) was calculated as body weight (kg) divided by the square of body height (m). The lifestyle questionnaire included questions about the residential block (Hokkaido and Tohoku, Kanto, Hokuriku and Tokai, Kinki, Chugoku and Shikoku, and Kyushu), and size of residential area (city with a population ≥1 million, city with a population <1 million, and town and village). Physical activity measured by metabolic equivalents per hour (METs=day) was calculated from the time spent on the five types of physical activity (walking, bicycle riding, running, standing, and playing sports), sitting, and sleeping. The duration of the five types of physical activities and sleeping was self-reported in the lifestyle questionnaire. Sitting duration was calculated by subtracting the sum of the duration of the five physical activities and sleeping from 24 hours. MET values for each activity were as follows: walking (3.5 METs= hour), bicycle riding (7.5 METs=hour), standing (3.2 METs= hour), running (7.0 METs=hour), playing sports (8.0 METs=hour), sleeping (1.0 METs=hour), and sitting (1.3 METs=hour). 37 These METs were multiplied by the time spent for each activity, and the sum of these yielded the extent of physical activity, expressed as METs=day. The lifestyle questionnaire also included inquiries about marital status (single, married, widowed, and separated), living status (alone, not alone), current smoking status, educational level (≤ junior high school, high school, junior college, and ≥ university and higher), and dietary supplement intake.
Statistical analysis
Study participants were divided into quartiles according to coffee and green tea intake, and the baseline characteristics were evaluated using linear regression analysis for continuous variables and the Mantel-Haenszel chi-square test of trend for categorical variables. Crude and multiple logistic regression analyses were used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) of depressive symptoms for groups of coffee, green tea, and caffeine intake. The reference category was the lowest. We performed three types of analysis: 1) a crude model, 2) an age-adjusted model, 3) a multivariate model (model 1) adjusted for age (year, continuous), residential block (Hokkaido and Tohoku, Kanto, Hokuriku and Tokai, Kinki, Chugoku and Shikoku, and Kyushu), living status (alone or not alone), current smoking (yes or no), alcohol drinking (yes or no), marital status (married or unmarried), physical activity level (total metabolic equivalents tasks [METs]=day, continuous), size of residential area (city with a population ≥1 million, city with a population <1 million, and town and village), BMI (kg=m 2 , continuous), and education (junior high school, high school junior college, and university and higher); 4) a multivariate model (model 2) adjusted for the factors in model 1 plus EPA+DHA intake (mg=1,000 kcal, continuous), folate intake (µg=1,000 kcal, continuous), dietary supplement use (yes or no); and 5) a multivariate model (model 3) adjusted for the factors in model 2 plus mutually adjusted for green tea intake (g=1,000 kcal) or coffee intake (g=1,000 kcal). We included these variables in the model based on their known or potential relations to depressive symptoms. Regarding EPA+DHA, folate was adjusted because it related to depression in our previous study. 38 Statistical significance was declared when P was less than 0.05. All statistical analyses were performed with SAS 9.1 (SAS Institute, Cary, NC, USA).
RESULTS
The prevalence of depressive symptoms was 22.0% in this study. Characteristics of study participants according to green tea and coffee intake are shown in Table 1 . Participants with higher intake of green tea had higher mean age and lower mean BMI. Those with higher green tea intake tended to consume higher amounts of caffeine and folate. Participants who consumed more coffee were younger and more likely to be physically active, current smokers, and current alcohol drinkers, and more likely to use dietary supplement. Those with higher coffee intake tended to show a higher intake of caffeine and lower intake of EPA+DHA and folate.
The ORs and 95% CIs for depressive symptoms according to the quartile of intake of green tea, coffee intake are shown in Table 2 . After adjustment for demographic, lifestyle, and socioeconomic factors (model 1), compared with subjects with the lowest quartile of coffee intake, those with the highest quartile had 34% significantly lower OR of depressive symptoms. Additional adjustment for dietary factors (model 2 and model 3) did not materially change the results. Green tea intake was not significantly associated with the depressive symptoms. The multivariate-adjusted ORs for depressive symptoms according to green tea intake of first, second, third, and fourth quartiles were 1.00 (reference), 1.28 (95% CI, 0.94-1.75), 1.06 (95% CI, 0.76-1.46) and 0.85 (95% CI, 0.62-1.17), respectively (model 3, P for trend = 0.16). In the analysis, the lowest quartile contains Kimura Y, et al. Green tea, coffee intake, EPA + DHA intake and folate intake were energy-adjusted according to the density method. a Trend P values were based on linear regression analysis for continuous variables with ordinal numbers 0-3 assigned to green tea or coffee intake categories. b Model 1: adjusted for age (years, continuous) and residential block (Hokkaido and Tohoku, Kanto, Hokuriku and Tokai, Kinki, Chugoku and Shikoku, and Kyushu), living status (alone or not alone), current smoking (yes or no), alcohol drinking (yes or no), marital status (married or unmarried), physical activity level (total metabolic equivalents hours=day: METs, continuous), size of residential area (city with a population ≥1 million, city with a population <1 million, and town and village), BMI (kg=m 2 , continuous), and education (junior high school, high school junior college, and university and higher). c Model 2: adjusted for variables in model 1 with EPA + DHA intake (mg=1,000 kcal, continuous), folate intake (µg=1,000 kcal, continuous), and dietary supplement use (yes or no). d Model 3: adjusted for variables in model 2 with mutually adjusted for green tea intake (g=1,000 kcal) or coffee intake (g=1,000 kcal).
Coffee Intake and Depressive Symptoms not only non-green tea drinkers or non-coffee drinkers but also some drinkers. Additionally, we analyzed using non-green tea drinkers (n = 156, 7.8%) or non-coffee drinkers (n = 491, 24.6%) as a reference, but the results did not change (eTable 1 and eTable 2). We further adjusted for cancer, diabetes, and ADL decline, which could be risk factors for depressive symptoms, and the multivariate-adjusted ORs for depressive symptoms according to green tea, coffee, and caffeine of the 4th vs the 1st quartiles of intake were 0.96 (95% CI, 0.70-1.33, P for trend = 0.56), 0.69 (95% CI, 0.50-0.96, P for trend = 0.048), and 0.85 (95% CI, 0.62-1.17, P for trend = 0.29), respectively. The results also did not change (data not shown in table). Concerning caffeine intake (Table 3) , participants in the highest versus the lowest quartiles of caffeine intake had 25% lower odds of having depressive symptoms in a fully adjusted model (OR 0.75; 95% CI, 0.55-1.02); however, this association was not statistically significant. There were non-significant linear trend associations between intake of caffeine and likelihood of depressive symptoms (P for trend = 0.058). The correlation coefficients of coffee, green tea, and caffeine were r = 0.54 for green tea and caffeine, r = 0.52 for coffee and caffeine, and r = 0.12 for green tea and coffee.
DISCUSSION
In this cross-sectional study among elderly Japanese women, we found an inverse association between coffee intake and depressive symptoms. A higher coffee intake showed 36% lower odds of having depressive symptoms in a fully adjusted model (OR 0.64; 95% CI, 0.46-0.88, P for trend = 0.01). Caffeine intake was marginally associated with depressive symptoms, but the association was not statistically significant (OR 0.75; 95% CI, 0.55-1.02, P for trend = 0.058). No significant association was found between green tea intake and depressive symptoms (OR 0.85; 95% CI, 0.62-1.17, P for trend = 0.16). This study is the first to report a significantly decreased prevalence of depressive symptoms among elderly Japanese women with a higher coffee intake. The present study found a significantly lower prevalence of depressive symptoms among subjects with higher coffee intake in an elderly population. In previous research, only one study has reported relations between coffee consumption and mental health 4 in elderly community-dwelling subjects, and no association with depressive symptoms has been observed. Our finding of an inverse association between coffee intake and depressive symptoms is closely in agreement with the results of the Nurses' Health Study, 6 in which those who consumed ≥4 cups=day coffee had a 20% lower prevalence of depressive symptoms compared with those consuming ≤1 cup=week. Similarly, studies in the United States showed 25% decreased depression among heavy (>813 mL=day) coffee drinkers 5 and 10% decreased depression in those consuming ≥4 cups=day. 7 In a Spanish cohort study, participants who drank ≥4 cups=day coffee showed a lower risk of depression (HR 0.37; 95% CI, 0.15-0.95). 11 Likewise, a Japanese study showed a 39% lower odds of depressive symptoms who consumed ≥2 cups=day compared with those consuming <1 cup=day. 8 Moreover, two Korean studies reported 42% 9 and 32% 10 lower odds of depressive symptoms. Furthermore, three systematic review and meta-analysis articles of observational studies reported a protective effect of coffee intake [12] [13] [14] ; those with higher intakes had RR of depressive symptoms of 0.76 (95% CI, 0.64-0.91), 12 0.73 (95% CI, 0.59-0.90), 13 and 0.76 (95% CI, 0.62-0.92). 14 Conversely, a Canadian study in female participants who drank coffee in the amount of ≥4 cups=day and showed an increased risk of major depression had an OR of 1.38 (95% CI, 1.15-1.64) compared with non-coffee drinkers. 17 Finnish 15 and Japanese 4 studies found no association between coffee intake and depressive symptoms; compared with not-daily drinkers, daily coffee drinkers had an OR of 0.90 (95% CI, 0.54-1.50) among adults aged 25-64 years 15 and who consumed ≥1 cup=day had an OR of 0.82 (95% CI, 0.53-1.27), including elderly participants aged ≥70 years. 4 The reason why the relation was not recognized might be that the exact coffee intake could not be evaluated because of the limitation on the choices of questionnaire about coffee intake (daily vs not daily, 14 almost never, and ≥1 cup=day 4 ). Regarding the positive association in the Canadian study, 17 depressed subjects may be consuming more coffee as a form of selfmedication. 39 These inconsistent results might be explained by over-or underestimation of coffee intake due to differences Kimura Y, et al. in the dietary assessment methods and the possibility of misclassification of diagnosis criteria for depressive symptoms. Such misclassification using dietary assessment methods and diagnostic criteria would attenuate the association found in these studies, biasing the results toward the null hypothesis. The present data together with these previous studies suggest that higher coffee intake might be expected to have an inverse association with depressive symptoms. The mechanisms behind the inverse association between coffee intake and depressive symptoms remain to be determined, but there are possible biological explanations. Coffee is a complex mixture of different chemicals that provides large amounts of caffeine, chlorogenic acid, ferulic acid, and caffeic acid. 23 Caffeine has a strong antioxidant effect that protects against cell damage caused by lipid peroxidation in animal models, 40 and there is evidence to suggest that oxidative stress plays an important role in the pathophysiology of anxiety. 41 Chlorogenic acid also has anti-inflammatory and antioxidant effects, 42, 43 and owing to its central nervous system effects, it may play a part in decreasing depressive symptoms. 23 Ferulic acid was shown to provide antioxidant protection against hydroxyl and peroxyl radical exposure, 44 and these results are related to neurodegenerative disorders. 44 Caffeic acid has potent antioxidant properties that are greater in antioxidant activity than many other important constituents of coffee, including chlorogenic acid and ferulic acid, 45 and its antioxidant activities are similar to or better than that of α-tocopherol, a form of vitamin E and potent antioxidant. 46 In this study, the association between depressive symptoms and coffee was found, but there was no association between depressive symptoms and intakes of green tea, which also includes caffeine. 35 In addition, a non-significant but marginal inverse association was found between caffeine intake and depressive symptoms, which may partially contribute to the inverse association between coffee intake and depressive symptoms. This result implies that not only caffeine but also some other substances in coffee might associate with depressive symptoms. Because we did not assess chlorogenic acid, ferulic acid, and caffeic acid intake, we could not specifically examine the association between these substances and depressive symptoms. The inverse association between coffee intake and depressive symptoms might be caused by the combination of two or more biological active compounds, including caffeine.
A major strength of the present study includes the use of a validated dietary questionnaire and the adjustment for known and putative risk factors for depressive symptoms. Furthermore, we investigated using total caffeine intake estimated from BDHQ with foods, coffee, and green tea, since there are several sources of caffeine in foods other than coffee and green tea. 27 However, the present study has several limitations. First, the association derived from a cross-sectional study does not indicate causality. Although we assessed the intake of coffee, green tea, and caffeine for 1 month before CES-D was conducted, reverse causation is a concern in most cross-sectional studies. There may be reverse causality in which coffee consumption decreases due to depressive symptoms. Longitudinal studies are required to confirm the present findings. Second, the validity of total caffeine intake estimated in BDHQ was not examined. However, for total caffeine intake, the Spearman correlation coefficient of the self-administered diet history questionnaire (longer version of the BDHQ) and 16-day diet records was 0.37 among 92 Japanese women (S. Sasaki, unpublished observation, 2014). A study in Taiwan reported that the correlation coefficient of caffeine using 15-day diet records was 0.30-0.56, 47 which is similar to the findings of our study. The Spearman correlation coefficient of caffeine intake in Nurses' Health study was high (0.76). Their study was based on 7-day records, 48 but our study used 16-day records. The differences in correlation coefficients might be due to differences in the period of diet record. Thus, BDHQ seems to have an acceptable ability to estimate dietary caffeine intake, although the results should be interpreted with caution. Third, we assessed depressive symptoms using the CES-D questionnaire, without structured diagnostic interviews. Finally, the present findings are among elderly women whose grandchildren are students in dietetic courses at universities, colleges, and technical schools, so they might not represent the general elderly population.
CONCLUSION
In this research, we found a significantly inverse association of coffee intake and marginal inverse association of caffeine intake with the prevalence of depressive symptoms in Japanese elderly women. Further studies are needed to determine the antidepressant effect of substances, such as chlorogenic acid, ferulic acid, and caffeic acid, or other factors related to coffee intake. The observed cross-sectional association requires confirmation in longitudinal studies.
